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IFFERENTIAL dry matter distribution (Yoshida, 1972; Treharne and Eagles, 1970) , leaf growth rate (Hanson, 1971; Yoshida, 1972; Hoveland et al., 1974) , and carbohydrate storage (Treharne and Eagles, 1970) have been suggested as plant characteristics which may influence the relationship between COz exchange rate (CER) and yield in crop species. Nelson and Asay (1974) and Nelson et al. (1975) 'Mention of a trademark or proprietary product does not constitute a guarantee or warranty of the product by the USDA or the Missouri Agric. Exp. Stn. and does not imply their approval to the exclusion of other products that may be suitable. and forage yield of tall fescue (Festuca arundinacea Schreb.). Further, they suggested that the aforementioned phenomena may be limiting the genetic expression of leaf CER in terms of forage yield.
In earlier studies (Wilhelm and Nelson, 1978a,b) , it was reported that genotypic interaction with photosynthetic photon flux density (PPFD), leaf age, and time of day did not significantly influence the leaf CER-yield relationship of tall fescue. The present study was conducted to determine if genotypes of tall fescue selected for different CER and yield levels differed in dry matter distribution, leaf growth rate, and carbohydrate concentrations in various plant parts.
MATERIALS AND METHODS
Four genotypes of tall fescue were selected to represent each of four categories: high CER-high yield (H-H), high CERlow yield (H-L), low CER-high yield (L-H), and low CER-low yield (L-L). Genotypes used in this study were originally selected for early flowering. Yield and CER of these genotypes were originally determined in field studies during 1972 and 1973 and are described by Wilhelm and Nelson (1978a) . In general, the high category genotypes had about 30% greater CER and 32y0 greater yield than did the low category genotypes.
Three vegetative tillers of each genotype were planted in each of eight pots constructed of 38-cm lengths of 10 cm diameter plastic drain pipe with pegboard bottoms to allow adequate drainage. Soil mixture was composed of equal parts of sand and Mexico silt loam topsoil. Plants were allowed to become established for approximately 2 months in a greenhouse with natural day lengths and temperatures between 15 and 30 C. .4fter establishment plants were moved into a controlled environment chamber with a 14-hour photoperiod (500 pE m-2 sec-*, 400 to 700 nm), 20/15 C (IightJdark) temperature, and greater than 50y0 relative humidity. At that time, tiller number per pot averaged 43, 32, 48, and 38 for the H-H, H-L, L-H, and L-L genotypes, respectively. Plants were watered daily. Once each week, 50 ml of complete nutrient solution (Epstein, 1972) was added.
After a 2-week acclimatization period in the growth chamber, paired plants were allotted into four replications according to tiller number and herbage was cut to leave a 6-cm stubble and discarded. Plants were allowed to regrow. One of the two pots per replication of each genotype was harvested 4 days after the herbage had been removed (initial harvest). This avoided the lag phase during initial regrowth (Booysen and Nelson, 1975) , and growth analyses were calculated when dryweight accumulation was nearly linear. Remaining plants were allowed to regrow for 19 additional days before they were harvested (final harvest). The experiment was repeated with the same genotypes and conditions except that the regrowth period between harvests was 16 days. Similar results occurred, so data were combined for analysis and presentation.
At each harvest (initial and final), roots were washed free of soil and plants separated into leaf tissue 6 cm above soil, stem bases plus leaf sheath below 6 cm, and roots. Leaf blade area 
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was determined with a Lambda Instruments LI-30W leaf area meter and LI-3050.48 conveyor belt assembly. Weights of all plant parts were determined after drying at 100 C for 1 hour and 70 C for 48 hours. Carbohydrates were extracted from ground (40-mesh screen) tissue with distilled water (25 C).
After acid hydrolysis of the extract, percent water-soluble carbohydrates (WSC) was measured by the copper reduction and iodine titration method using fructose as a standard (Smith,
Mean net assimilation rate (NAR), mean relatite growth rate --(RGR), mean leaf area ratio (LAR), and mean relative leaf area growth rate (RLaGR) were calculated (Radford, 1967) using combined top and root weight data and the following equations:
where A, = initial leaf area (dm2);
A, = final leaf area (dm2); \Vl = initial plant weight (g); W, = final plant weight (g); ti = initial time (days); t, = final time (days).
Carbon dioxide exchange rate was measured on newly collared leaves approximately 14 days after the initial harvest using infrared gas analysis and air-sealed chambers as described by Nelson et al. (1974) . The system was modified so two leaves per experimental unit were measured simultaneously.
RESULTS AND DISCUSSION
All genotypes had a greater percentage of the leaf dry matter in the form of WSC at the final harvest than at the initial harvest. However the two high-CER genotypes showed a trend toward higher WSC percent in leaf tissue initially, while the two high yielding genotypes had higher WSC percent at the final harvest (Table 1 ). In contrast, WSC concentra- Comparison within each CER category at the final harvest showed that high yielding genotypes had produced more stem base and root tissue than low yielding genotypes. When whole-plant data were considered, high yielding genotypes tended to have greater dry matter increases.
Initial leaf areas were similar for all genotypes, except H-H, which was significantly lower than the H-L and L-H genotypes (Table 3) . At the final harvest the high yielding genotypes had a greater leaf area than did the low yielding genotypes. The increase in leaf area between the two harvests was also significantly greater for the high yielding genotypes than the low yielding genotypes. This is consistent with the leaf weight data presented in Table 2 and also suggests similarity in specific leaf weights (SLW) among the four genotypes, which were 5.8, 5.4, 5.7, and 5.7 mg/cm2 for the H-H, H-L, L-H, and L-L genotypes, respectively.
The ratio of weight of leaf tissue to weight of stem base plus root tissues (Table 3) gives an indication of the proportion of economic to noneconomic yield [harvest index = leaf weight/ (stem base weight + 
t Each mean is based on calculation of harvest index for eight experimental units.
$ Yield data from final leaf weight presented in Table 2 .
root weight)]. The high yielding genotypes had a less favorable ratio at the initial harvest, and the L-L genotypes had a more favorable ratio at the final harvest (Table 3 ). These data suggest that the genotypes were using different mechanisms to develop forage yield. The high yielding genotypes produced less leaf mass per unit of stem base and root mass; however, their total production of leaf tissue was greater than that of the low yielding genotypes. Number of tillers was significantly greater for the high yielding genotypes at the initial harvest (Table  3) ; however, at the final harvest, the H-H genotype had significantly more tillers, and the L-L genotype had significantly fewer tillers, with the H-L and L-H genotypes having an intermediate number. Increase in tiller number between the two harvests was greater for the high than for the low-CER genotypes. Yield per tiller was significantly higher for the L-H genotype, which was also the genotype that produced the greatest amount of dry matter. In this study, plants were grown in plastic pots with little intertiller competition and with ample water and mineral nutrition throughout the experiment. The translation of these data to a field situation might be questionable if a maximum tiller density had been established. Under a relatively high tiller density, the yield per tiller relationship among genotypes might change considerably (Simons et al., 1973 ).
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The RGR of the four genotypes were very similar ( Table 4 ), suggesting that, if initial plant sizes were equal, the absolute growth rates would be similar. Mean leaf area ratio (LAR), which measures leaf area relative to total plant weight (Table 4) , showed patterns similar to the harvest index (Table 3) for the four genotypes. This occurred because SLW was similar for all genotypes.
Mean net assimilation rate (NAR) indicated that high yielding genotypes (H-H and L-H) tended to have greater (P < 0.07) dry matter production per unit leaf area than did low yielding genotypes (H-L and L-L) (Table 4 ), although differences were not significant at P < 0.05. This was in contrast with the CER categories for which the genotypes were selected. A -poor association between leaf CER and NAR may be a result of the fact that, although both are measures of photosynthetic efficiency per unit leaf area, they are determined from opposite ends of the growth spectrum. The CER measures C 0 2 incorporation without regard for utilization efficiency by the plant. On -the other hand, NAR measures dry matter increase per se. Many things may influence efficiency of pho- (Table 4) indicated that leaf-area increase 'per unit of initial leaf area was greater for the H-H genotype than for the L-L genotype. Also, the high-CER genotype within each yield category tended to have a greater RLaGR, suggesting that, if other factors were equal, the high-CER genotypes would have a superior leaf growth rate and, therefore, greater yield.
Results of the growth analysis study further suggested that several factors may be working together to enable the high yielding genotype to produce greater amounts of harvestable dry matter regardless of CER. High yielding genotypes had greater leaf growth rates (Wilhelm and Nelson, 1978b) , which not only gave these genotypes a yield advantage because leaves contributed a greater portion of the plant's total harvested biomass, but they also had the advantage of increasing photosynthetic area more rapidly (Simons et al., 1973) . This more rapid increase in photosynthetic tissue would also maintain a relatively greater amount of young leaf area on the plant that is capable of higher CER than older tissue (Wilhelm and Nelson, 1978b) .
The close association between yield expressed by the genotypes and rate of increase in whole-plant weight and increase in carbohydrates suggested that the amount of "initial capital" (Watson, 1952) plays an important role in determining yield potential of tall fescue. With a larger stem base and root mass and more carbohydrate reserve to draw on, initial leaf production of the high yielding genotype during regrowth was greater. Booysen and Nelson (1975) studied the effect of high and low concentrations of WSC on regrowth of tall fescue and found high WSC concentrations allowed greater leaf area increases, greater total plant weight increases, and greater final WSC content than did treatment with low WSC concentrations. This, added to the greater leaf growth rate and more favorable dry matter distribution (RLaGR) expressed by the high yielding genotypes during early regrowth stages, resulted in a compounding effect, which probably accounted for the greater yield. The question remains as to how high yielding genotypes establish their larger plant size. Data presented here may give some indication as to how this occurs. Rapid leaf growth of high yielding genotypes predisposes them to achieving any particular leaf area index (LAI) sooner than the low-yielding genotypes. The more complete interception and utilization of solar energy by the canopy would result in a greater amount of photosynthate available for the plant regardless of CER (Simons et al., 1973) . As this occurs, the high yielding genotypes may be able to divert more assimilated COB to growth of roots and storage organs than the low yielding genotypes, which are still producing leaf tissue. Therefore, the high yielding genotypes are able to develop a larger plant size.
The four genotypes apparently use different mechanisms to produce their levels of yield. The H-H genotype combined rapid leaf growth with high CER to develop a large stem base and root system as well as high carbohydrate reserves to allow rapid regrowth after harvest. The L-H genotype with its lower CER relied mainly on rapid leaf growth, rapid development of critical LAI, and a relatively large amount of young leaf tissue to produce a large root and stem base mass, but with lower WSC concentration for use in regrowth. The H-L genotype, although having a high CER, could not capitalize on it because of its slow leaf growth. The L-L genotype had a low CER, but did not have the high leaf growth with which to compensate and, therefore, was capable only of low yield.
In Fig. 1 , change in leaf area bktween the initial and final harvest was plotted against mass of WSC (tissue weight x WSC content summed over all plant parts) that was available at the first harvest. A general, positive relationship existed between the two variables with selection for both high yield and high CER leading to higher WSC and leaf area production. However, when comparing genotype L-L to H-L, and L-H to H-H, an increase in leaf area production between harvests of 0.54 and 0.37 dm2, respectively, accompanied the selection for high photosynthesis. In contrast, a change in leaf area production approximately three times that previously stated, 1.69 and 1.52 dm2, occurred when L-L and H-L genotypes were compared to the L-H and H-H genotypes, respectively. In both cases the selection for high yield had a much greater impact on leaf growth than did selection for high CER. These data support earlier findings (Nelson and Asay, 1974; Nelson et al., 1975 ) that selection for CER alone in forage grasses such as tall fescue will not produce high yielding genotypes unless concomitant pressure is placed on yield characters.
